Abstract: A neural network (NN) based adaptive output feedback controller is proposed for a class of nonlinear systems. In this control scheme, the adaptive output feedback NN controller is proposed by using an observer to estimate the states of the system. The weights of the neural network can be adjusted in terms of Lyapnuov's stability criterion. The proposed controller can be applied to nonlinear systems without exactly available knowledge of system dynamics.
INTRODUCTION
It is known that output feedback control for nonlinear systems is a very attractive topic in practical applications such as robot manipulators control, chemical process control and smart actuator applications etc. However, the applications of this approach are quite limited because it relies on the exact knowledge of plant. In the past decades, research on neural network (NN) based output feedback control has become very active. The powerful capability of neural computing makes it possible to be a good candidate for implementing real-time adaptive control for nonlinear dynamical systems. Calise et al (2001) developed a direct adaptive feedback controller of highly uncertain nonlinear systems without states estimation. In their scheme, feedback linearizatoin coupled with an on-line NN, whose weights are updated by a linear combination of measured tracking error, was employed to compensate for dynamical model errors. Kim and Lewis (1999) proposed a robust NN output feedback scheme for the motion control of robot manipulators and a NN observer is used to estimate the joint velocities. Hovakimyan et al (2002) designed an adaptive output feedback controller for non-affine minimum phase nonlinear systems by using a three-layer NN adapted by output of a linear tracking error observer. Ge et al (1999) as well as Seshagir et al (2000) applied the output feedback control schemes to continuous-time nonlinear plants. Jankovic (1997) and Choil et al (2000) developed the output feedback controllers combined with high-gain observer and back-stepping strategy. In the paper, a neural network based adaptive output feedback controller is developed for a class of SISO nonlinear systems with high-gain observer for the estimation of unavailable states. The overall system is proved to be ultimately bounded and the tracking error converges to a small neighbourhood of origin. [ , ]
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The pseudo-control signal δ is designed as
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where (12), (13), (14) and (34) that will be presented later, the network input can be chosen as
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From (8) and (20), we can obtain that
Combining with Assumption 1-2, one can obtain that ˆn n x is bounded by
with the computable positive constants 0 1 2 , , 0 c c c > .
Using (20), (15) can be expressed as
. (23) The error dynamics of the closed-loop system can be written as
A is an asymptotically stable matrix. Therefore, given any positive definite symmetric matrix Q , there exists a unique positive definite symmetric matrix P such that
From (5) and (6), we can obtain that, for a known
And the following inequality holds 
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Theorem 1: Suppose that assumptions 1 and 2 hold.
Take the control law given by (12) and (14) 
Considering (24), the derivative of L with respect to t yields 
Using (9), (25) and (30), (36) can be written as 
Combining (34) and (39), (38) . (40) Considering (26) 
The above results are valid provided (17) holds on the compact set nn x ∈ Ω for all t>0. From (18), nn x can be considered as a function of ( ) , , , , , 
From ( 
Then , e Z are semi-globally uniformly ultimately
∈ Ω as long as Ω is sufficient large such that (52) holds. From the assumption and structure of observer, we can conclude that all the signals of the closed-loop are all semiglobally, uniformly and ultimately bounded. 
A three-layer NN with n 1 =8, n 2 =15, n 3 =1 is utilized. The hidden-layer activation functions are chosen as 
where I is an identity matrix. In order to avoid the peaking phenomenon, the saturation of the control input u(t) is 10 ± . Fig.1 and Fig. 3 respectively show the tracking results for 50s. The observer error e o (t) is plotted in Fig. 4 . We see that the tracking error and the observer error converge to a small neighborhood of origin. Fig. 5 shows the history of the control input u(t). The norm of weight estimates is also given in Fig.6 to illustrate the boundedness of the NN weight estimates. A PID controller is also designed to make comparison with the NN controller. The integral gain and the proportional gain are respectively chosen as 4.0 and 2.0 which are specified through the off-line optimizing procedure. The control signal is chosen as u(t)=-5e 2 -20∫e 1 dt20e 1 . The tracking performances are respectively plotted in Fig. 2 and Fig. 3 . We can see from simulation results that the performance of the proposed NN controller is better than that of the PID controller.
5. CONCLUSION A scheme of ouput feedback neural controller is proposed for nonlinear systems with hysteresis. Comparing with previous adaptive controller, the proposed controller can be applicable to more extensively nonlinear systems. In order to handle the case where some of the states are not measurable, a high gain observer to estimate the states of the system. The overall system is proved to be ultimately bounded and the tracking error converges to a small neighborhood of the origin. The theoretical analysis and simulation results show that the proposed controller is rather promising for the control of nonsmooth nonlinear systems.. Fig.1 Tracking performance of the NN controller 
